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ABSTRACT
We show that the Einstein ring radius and transverse speed of a lens projected on the source plane, rü Eand can be determined from the light curve of a binary-source event, followed by the spectroscopicvü ,
determination of the orbital elements of the source stars. The determination makes use of the same prin-
ciple that allows one to measure the Einstein ring radii from Ðnite-source e†ects. For the case when the
orbital period of the source stars is much longer than the Einstein timescale, there exists a singleP? tE,twofold degeneracy in determining However, when the degeneracy can often be broken byrü E. P[ tEmaking use of the binary-source systemÏs orbital motion. For D8% of all lensing events with sources
V \ 20 seen toward the Large Magellanic Cloud (LMC), one can unambiguously determine whether the
lenses are Galactic or whether they lie in the LMC itself. In addition, we propose to include eclipsing
binaries as sources for gravitational lensing experiments.
Subject headings : binaries : close È gravitational lensing È relativity
1. INTRODUCTION
There are many di†erent e†ects that make a light curve of
a microlensing event deviate from its characteristic achro-
matic and symmetric form: luminous lenses (Kamion-
kowski Kamionkowski, & Rich1995 ; Buchalter, 1996),
di†erential ampliÐcation during close encounters (Gould
& Wickramasinghe & Mao1994 ; Nemiro† 1994 ; Witt
& Sasselov & Welch1994 ; Witt 1995 ; Loeb 1995 ; Gould
parallax e†ects caused by the EarthÏs orbital motion1996),
et al. & Kamion-(Gould 1992 ; Alcock 1995 ; Buchalter
kowski and Ðnally binary-lens events et al.1997), (Mao
et al. et al. & Di1994 ; Axelrod 1994 ; Udalski 1994 ; Mao
Stefano Mao, & Guibert et al.1995 ; Alard, 1995 ; Alcock
Whenever any of these distortions is detected, it1997a).
provides information about the physical parameters of
individual lenses : distance to the lens for luminous lens,
lens proper motion, for di†erential ampliÐcation,k\v/Dol,observer-plane projected Einstein ring radius, r8 E\for parallax, and the geometry of a lens binary(Dos/Dls)rE,system, and sometimes the proper motion for binary lens
events. Here v is the speed of the lens relative to the Earth-
source line of sight, and the physical and angular Einstein
ring radius are related to the physical parameters of the lens
by
rE\
A4GM
L
c2
DolDls
Dos
B1@2
, hE\
rE
Dol
, (1.1)
where are the distances between the observer,Dol, Dls, Dossource, and lens, is the physical size of the Einstein ring,rEand is the mass of the lens.M
LThe light curve can be also distorted when the source is
composed of a binary system, resulting in a binary-source
event & Hu A wide variety of binary-source(Griest 1992).
events is possible, ranging from those where the companion
is not ampliÐed and the event is therefore a simple blend to
those where the binary induces extreme Ñuctuations in the
1 Alfred P. Sloan Foundation Fellow.
light curve. The factors that a†ect the light-curve shapes of
binary-source events include the angular size of the project-
ed separation between the source stars, source trajectories
within the Einstein ring, the angular size of the Einstein ring
projected onto the source plane, and the orbital motion.
& Hu concentrated on binary-source eventsGriest (1992)
for which the binary period is long compared to the event
timescale. They brieÑy discussed the possibility of events
with short-period binary sources and illustrated the dra-
matic oscillation which these could in principle generate.
They noted, however, that for the expected lens parameters
the amplitude of these oscillations would be extremely
small.
In the present paper, by contrast, we concentrate on
binary-source events where the binary stars move substan-
tially, i.e., short-period binaries. We show that the Einstein
ring radius and the transverse speed projected on the source
plane, (source-plane Einstein ring radius) and (source-rü E vüplane transverse speed), can be determined from the light
curve of a short-period binary-source event, provided that
the observations are followed by spectroscopic determi-
nation of the binary-source orbital elements. Throughout
this paper, we use a caret (\) to represent a quantity project-
ed onto the source plane. The source-plane Einstein radius
and transverse speed are deÐned by
rü E\ Dos hE\ rE
Dos
Dol
, vü \ r
ü E
tE
, (1.2)
where is the Einstein ring crossing time. Note thattE\ rE/vwhen the source distance is known (e.g., for observations
toward the Large Magellanic Cloud [LMC]), measuring rü Eand is equivalent to measuring and the proper motionvü hEk since and The basic principle thathE \ rü E/Dos k \ vü /Dos.makes this measurement possible is that a binary acts like
an enormous Ðnite source and therefore is much more sus-
ceptible to Ðnite-source e†ects than is a single star. Once the
proper motion is measured, one can clearly separate Galac-
tic versus LMC self-lensing events because of the large dif-
ference in the proper motions between the two populations
of events (see ° 6).
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Short-period binary sources are important for several
reasons. First, it is these events that allow one to unam-
biguously measure the proper motion. For long-period
binaries, one can determine but with a twofold degener-rü E,acy (see Second, for lenses in the LMC the amplitude of° 3).
the oscillations in the Ñux due to the binary-source e†ect is
expected to be of order 10% and would be easily observable
(see Within the framework of the standard model,° 5).
LMC events are expected to be relatively rare. However,
has argued that essentially all the events cur-Sahu (1994)
rently detected toward the LMC are due to LMC lenses.
This may seem unlikely in view of the large optical depth
et al. but it is nevertheless important to test(Alcock 1996a),
this hypothesis since the alternative is that the halo is com-
posed in large part of massive compact halo objects
(MACHOs). As we show in about 10% of LMC sources° 5,
are short-period binaries. These binaries allow a direct test
of the hypothesis. Third, while the e†ects areSahu (1994)
smaller for Galactic lenses, they are not negligible. The sig-
niÐcant advances now being made in rapid detection and
follow-up observations et al. et al.(Pratt 1996a ; Albrow
et al. open the possibility that even 1%1996 ; Alcock 1996b)
or 2% oscillations caused by binary sources may soon be
measurable. Finally, binary sources are competitive with
other methods of measuring proper motions toward the
Galactic bulge.
2. PROPER MOTION FROM A BINARY-SOURCE EVENT
The light curve of a binary-source event is the sum of
light curves of individual sources and is represented by
F\ ;
j/1
2
A
j
F0,j , Aj \
u
j
2] 2
u
j
(u
j
2] 4)1@2 , (2.1)
where j \ 1, 2 denote the primary and secondary source
stars, are the unampliÐed Ñuxes, and are the project-F0,j ujed locations of the source stars with respect to the lens in
units of rE.When stars in a binary have negligible orbital motion
(long-period binary), the source stars move along a straight
line due to the source-lens-observer transverse motion.
Then the source positions are well approximated by
u
j
2\ u2(t [ t0,j)2] bj2 , (2.2)
where and are the impact parameters andu\ tE~1, bj, t0,jthe times of maximum ampliÐcation for individual source
stars. Note that the Einstein timescale is same for both
sources. Then the projected (two-dimensional) separation
between two stars is related to byrü E
l\ l1] l2\ rü EB[(u*t0)2] *bB2 ]1@2 , (2.3)
where and are the separationsl1\ l/(QM ] 1) l2\QM l1between the center of mass (CM) and the individual sources.
Here is the mass ratio between the sourceQ
M
\ M1/M2stars. If the individual source star light curves can be
decomposed from the obtained light curve, one can measure
the values of and In*t \ o t0,1 [ t0,2 o *bB\ o b1^ b2 o.addition, the separation l can be measured from the follow-
up spectroscopy (see below). Therefore, one can determine
from the relation in but with a twofoldrü E equation (2.3),degeneracy. In we discuss the twofold degeneracy in° 3, rü Einduced by the ambiguity in the impact parameter di†er-
ence, *b
B
.
On the other hand, when the orbital motion of a binary is
important (short-period binary), the positions of the source
stars are the combination of the linear transverse motion of
the CM and the orbital motion of component stars around
the CM:
u
j
2\ uCM2 [ 2uCM
Al
j
rü E
B
cos h
j
]
Al
j
rü E
B2
, (2.4)
where is the lens-CM-source angle. The values of andh
j
u
jare determined from the light curve. Then, once theuCMorbital motion, i.e., is known, one can determinel
j
[h
j
(t)],
rü E.The projected separation between source stars is related
to the intrinsic (three-dimensional) separation byl0
l\ l0
K sin (# ] t
P
)
sin )
K
cos i , (2.5)
where # is the true anomaly, ) is the position angle to a
star measured from the ascending node, i is the inclination
angle, and is the longitude of the periastron measuredt
pfrom the ascending node. Here the position angle is mea-
sured along the projected orbital plane, while the longitude
is measured along the true orbital plane. The intrinsic
separation between the stars is given by
l0(#) \
a(1 [ v2)
1 ] v cos # . (2.6)
Here v\ (1 [ b2/a2)1@2 is the eccentricity, where a and b are
the semimajor and semiminor axes of the orbit. When the
orbit is seen face-on (i \ 0¡), and thus)\# ] t
p
, l\ l0.For a gravitationally lensed binary-source system, the indi-
vidual source-star masses can be estimated to a Ðrst
approximation from the luminosities and colors. One can
then further constrain the source-star masses by determin-
ing the stellar types from follow-up spectroscopy. To deter-
mine the luminosities and colors, the individual light curves
must be extracted from the observed light curve or must be
inferred from follow-up spectroscopy. With the known indi-
vidual masses, the orbital period, and the semimajor axis,
the orbital elements, e.g., i, v, and ), can be determinedt
p
,
from the radial velocity curve, which can be constructed
from follow-up spectroscopy.
For the determination of the orbital elements, a single
spectral line from either star of the binary will be enough to
constrain the stellar motion provided that the mass ratio
is known For example, the maximumM2/M1 (Smart 1962).and minimum values of radial velocities for a circular orbit
are
gvr,max \ 2na1 sin iP ] v0 ,v
r,min \ [
2na1 sin i
P
] v0 ,
(2.7)
where is the radial velocity of the center of mass. Thenv0the inclination angle is determined by sin i\ (P/4na1)where P, and are measured(v
r,max [ vr,min), vr,max, vr,minfrom the radial velocity curve and is known from P,a1 M1,and KeplerÏs third law: If theM2, a13\P2M23/(M1] M2)2.orbit is very close to face-on, then andv
r,max D vr,minD 0,thus it would be difficult to conÐrm the binary nature of the
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source star. However, this case is geometrically rare. Once
all these orbital parameters are known, one can Ðnd the
projected separation l from equations and(2.5) (2.6).
3. DEGENERACY
There exists a degeneracy in the determination of forrü Elong-period binary source events. In general, there are two
types of degeneracies in the binary-source lens geometry.
The Ðrst type occurs because the direction of source motion
(with respect to the lens) is not known. Fortunately, this
type of degeneracy does not a†ect the the determination of
because of the radial symmetry of Einstein rings. Therü Eother type of degeneracy, which does a†ect the determi-
nation of arises because the component of the separationrü E,normal to the source motion can have two possible values
depending on whether the sources are located on the
opposite or at the same(*b
`
\ b1] b2) (*b~ \ o b1[ b2 o)
side with respect to the lens, resulting in two possible values
of source-plane Einstein ring size, and An illustra-rü E` rü E~.tion of two degenerate lens-source positions (small Ðlled
circles) is shown in Figures and1a 1b.
However, the degeneracy can be broken for binaries with
short periods, i.e., The principle is simple : whenP[ 10tE.the orbital motion is important, the light curves resulting
from the two degenerate lens geometries will be di†erent. In
Figures and we present tracks of the actual orbiting1a 1b,
source stars (dotted lines) compared to the hypothetical
straight-line tracks assuming no orbital motion (solid lines).
The resulting light curves taking the orbital motions into
consideration are shown in Figures and (dotted1c 1d
curves), and they are compared to those without orbital
motions (solid curves). In the example, we assume that the
event has days and the binary is observed to havetE\ 20P\ 100 days, and inclination angle i \ 0¡.F0,1 \ F0,2,
FIG. 1.ÈBreaking the degeneracy in Without orbital motion, the lens geometries (a) and (b) would produce the same light curves. However, when therü E.orbital motion is important, the light curves resulting from the two degenerate lens geometries will be di†erent as shown in the (c) and (d). Light curves with
and without orbital motion are marked by dotted and solid lines, respectively. Light curves of the primary and secondary stars are presented by thin lines,
while the sum of Ñuxes from both the primary and secondary is shown with thick lines. The tracks of the actual orbiting source stars (dotted lines) are
compared to the straight-line tracks (solid lines) assuming no motion. In the example event, we adopt days and P\ 100 days with a face-on circulartE\ 20orbit.
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For simplicity, we adopt a circular orbit with a mass ratio
i.e., the radii of orbital motionQ
M
\ 1, a1\ a2\ a/2 ;where a \ 0.8 AU is the semimajor axis, and the separation
of corresponding to source mass sum ofl
j
\ a
j
\ constant,
The projected separa-M \M1] M2\ a3/P2\ 6.82 M_.tion between the two source stars in units of ishE j
ü \ 0.6
and 0.2 for the cases when source stars are located at the
same and opposite sides with respect to the lens, as shown
in Figures and The circle around the lens represents1a 1b.
the Einstein ring. Then there are two possible values of
AU and AU. The degeneracyrü E\ a/j
ü : rü E`\ 1.3 rü E~ \ 4.0is clearly broken since the light curve is radically(Fig. 1c)
di†erent fromFigure 1d.
4. SHORT-PERIOD BINARY EVENT LIGHT CURVES
We have shown that short-period binaries are important
in determining the proper motion. In this section, we derive
an analytic form of the short-period binary-source event
light curve to better understand this type of events. If the
angular separation between the binary-source stars is small
compared to the source-lens separation, one can treat the
di†erence between the center of light (CL) and the position
of each source star as a perturbation of the case whendu
jboth stars are at the CL, i.e.,
u
j
\ (u2[ 2ujü
j
cos h
j
] jü
j
2)1@2 D u ] du
j
,
du
j
\ [jü
j
cos h
j
] 1
2u
j
jü
j
2 sin2 h
j
, (4.1)
where and are the locations of the CL and of eachu \ uCL ujsource star in units of and is the angle between therE, hjlines connecting the CL with the lens and the CL with each
source (see Here are the o†sets of the two sourcesFig. 2). jü
jfrom the CL, i.e., and andjü \ jü 1] j
ü
2 j
ü
1F0,1 \ j
ü
2F0,2,
FIG. 2.ÈShort-period binary-source geometry. Since theu ? jü
j
,
separations can be treated as a perturbation of the casedu
j
Do uCL [ uj owhen both stars are at the center of light (CL). The source stars are denoted
by Ðlled circles (bigger for the primary) and the lens is marked by ““ L.ÏÏ
Similarly, one can treat the separation as a perturbationdu
c
D o uCM [ uCL oto take account of the motion of the CL around the center of mass (CM).
they are related to the projected physical separations, byl
j
,
The angles are related byjü
j
\ (l
j
/rE)(Dol/Dos) \ lj/rü E. h2\The corresponding Ñux perturbation is thenn[ h1.
dFsepD A@ ;
j/1
2
F0,j duj ]
AA
2
;
j/1
2
F0,j duj2 , (4.2)
where
A@ \ dA
du
\ [ 8
u2(u2] 4)1@2 ,
AA \ d2A
du2 \ [
5u2] 8
u(u2] 4) A@ . (4.3)
By combining equations and and keeping terms(4.1) (4.2),
up to second order in one Ðnds the perturbation term tojü
j
,
be
dFsep\
A@
2u
(F0,1 j
ü
12] F0,2 j
ü
22)
]
C
sin2 h1[
5u2] 8
(u2] 4) cos2 h1
D
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In the regime where u > 1, is approximatedequation (4.4)
by
dFsepD
A@
2u
(F0,1 j
ü
12] F0,2 j
ü
22)(3 sin2 h1[ 2) , (4.5)
resulting in the fractional perturbation of
dFsep
F
D [1
2
3 sin2 h1[ 2
Q
L
] 2 ]Q
L
~1
Ajü
u
B2
(4.6)
since AD 1/u and A@D [1/u2 in this regime.
Here is the luminosity ratio between twoQ
L
\F0,1/F0,2stars and is the total Ñux. This pertur-F\ F0,1 ] F0,2bation alone describes the deviation from the single source
light curve well enough when the binary pair is composed of
stars of similar type so that the location of the CL is close to
the the center of mass (CM).
However, the stars are orbiting around the CM not
around the CL. Therefore, another perturbation term dF
carises due to the di†erence between the positions between
the CM and CL, With similar geometry (see thedu
c
. Fig. 2),
location of the CM is
uCM \ (uCL2 ] 2uCL j
ü
c
cos h1] j
ü
c
2)1@2D uCL ] duc ,
du
c
\ jü
c
cos h1]
1
2uCL
jü
c
2 sin2 h1 , (4.7)
where the o†set between the CL and the CM is
jü
c
\ QL[QM
(1 ]Q
M
)(1]Q
L
)
jü . (4.8)
Note that for the geometry shown in soFigure 2, Q
L
[Q
M
,
The Ñux di†erence due to the di†erence in the posi-jü
c
[ 0.
tions of the CL and the CM is then approximated by
dF
c
\ (F0,1 ] F0,2)
C
A@ du
c
] AA
2
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c
2
D
D (F0,1 ] F0,2)
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by keeping terms up to second order in For thejü
c
. jü
c
> u,
Ðrst term always dominates, implying a perturbation,
dF
c
F
D [ A@ cos h1
A
jü
c
. (4.10)
One then arrives at the Ðnal form of the approximation
to the total Ñux,
F\ A(F0,1 ] F0,2)] dF ; dF\ dFc ] dFsep . (4.11)
The leading Ðrst terms of the fractional deviation from a
single-source event are given by
dF
F
D
(Q
L
[Q
M
) cos h1
(1 ]Q
M
)(1]Q
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)
Ajü
u
B
[ 1
2
3 sin2 h1[ 2
Q
L
] 2 ]Q
L
~1
Ajü
u
B2
.
(4.12)
In we present three examples of short-periodFigure 3,
binary-source events : (a) when (e.g., pair ofdFsep? dFcstars with same mass and luminosity), (b) when both pertur-
bations take place, and (c) when (e.g., samedFsep > dFcmass but such as a giantÈwhite dwarf pair). TheF0,1 ? F0,2values of dF/F for individual cases are shown in the panels
on the right-hand side. All three example events have
b \ 0.4, days, and orbital period of P\ 30 days,tE\ 100and the orbit is face-on and circular, for simplicity. The
masses and luminosities of the individual stars for each case
are marked in each panel. The peaks of the curve occur with
a frequency of DP/2 for (a) events since the varying part of
is proportional to while the frequency is DPdFsep sin2 h1,for (c) events because For the general case indF
c
P cos h1.which both perturbations play roles, the perturbation
decays slowly compared todF
c
/FP u~1 dFsep/FP u~2,and thus the perturbation (period P) dominates thedF
cwings of the light curve while the perturbation (perioddFsepP/2) dominates near the peak.
FIG. 3.ÈShort-period binary-source event light curves : (a) when (e.g., pair of stars with same mass and luminosity), (b) when both pertur-dFsep ? dFcbations take place, and (c) when (e.g., same mass but such as a giant-white dwarf pair). The values of dF/F for individual cases aredFsep > dFc F0,1 ? F0,2shown at the right side panels. All three example events have b \ 0.4, days, and orbital period of P\ 30 days. The mass (in and luminosity oftE\ 100 M_)individual stars for each case are marked in each panel. The peaks of the curve occur with a frequency of P/2 for (a) events since while thedFsep P sin2 h1,frequency is P for (c) events because For the general case in which both perturbations play roles, the perturbation decays slowlydF
c
P cos h1. dFc/FP u~1compared to and thus the perturbation (period P) dominates the wings of the light curve.dFsep/FP u~2, dFc
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5. FRACTION OF EVENTS WITH MEASURABLE PROPER
MOTION
What fraction of events have binary sources with periods
sufficiently short to give rise to short-period binary-source
events, and how large are the oscillations that they gener-
ate? The answer to the Ðrst question depends only on the
source population, while the answer to the second depends
primarily on the positions of the lenses. Here, we present
rough estimates for these values.
For the LMC, about of the sources with V \ 19 are A13stars and are red giants (C. Alcock 1993, private23communication). The typical timescale of observed events is
days et al. et al. FromtED 42 (Alcock 1997b ; Pratt 1996b).Tables 2 and 3 of & Hu about 18% of A starsGriest (1992)
have companions in the period range days and1 [ P[ 100
for about of these (or 12% of all A-star sources), the mass23ratio is For simplicity we adopt average1/Q
M
[ 0.35.
parameters P\ 10 days, andM \ 5M
_
, 1/Q
M
\ 0.5, Q
L
?
1. Then the leading factor in equation (4.12) (Q
L
[Q
M
)/
since and[(1]Q
M
)(Q
L
)]D 13 QL[QM]QL 1 ]QL]QL.By KeplerÏs third law, the typical separation is l\ 0.16 AU.
Then one Ðnds a typical amplitude of Ñuctuation
dF
F
D
l
3urü E
D
0.1 AU
rü E
, (5.1)
where we have adopted u D 0.5 as an average value.
For LMC self-lensing events with a projected speed
vD50 kms~1, we Ðnd AU. Hence, therü E\ (Dos/Dol)vtED 1oscillation is of order 10%. Another 30% of A stars have
companions in the range and so give rise0.2\ 1/Q
M
\ 0.35
to e†ects about half this big. We repeat this calculation for
red giants using the binary statistics of their F-star progeni-
tors, but restrict attention to periods 10 \ P\ 100 days
since closer companions will be destroyed. We Ðnd that
D5% of red giants also give rise to oscillations of D10%.
Thus, 8% of all source stars should be binaries with periods
short enough and companions heavy enough to give rise to
e†ects of order 10%. However, we note that the sources
should be brighter than V D 20 so that the follow-up spec-
troscopy can be carried out.
For Galactic halo events, the expected source plane Ein-
stein ring radius is AU, where we assume thatrü ED 5rED 12v\ 200 kms~1 and kpc. Then the expected Ñuc-Dol\ 10tuation is dF/FD 1.0%, which would be difficult to detect,
although perhaps not impossible. However, we stress that
for the 8% of source stars that are short-period binaries
even nondetection of the oscillations would be important
because it would establish that the lens was in the Galaxy
and not in the LMC.
Toward the Galactic bulge Ðeld, the typical timescale is
shorter, D20 days et al. For bulge self-(Alcock 1997a).
lensing events with vD 200 kms~1, a typical source plane
Einstein ring radius is AU. For periods of PD 20rü ED 3days and source mass M D 1.5 one Ðnds a separationM
_
,
of lD 0.17 AU. Typical e†ects are then dF/FD (2/3)(0.17/
3) \ 4% from and thus they are easily mea-equation (5.1),
surable for giants, among which D 5% of them have
favorable orbital periods (i.e., 10 ¹ P¹ 100 days).
However, the absolute number of detectable binaries would
be larger compared to that of LMC Ðelds because the spec-
troscopy could be carried out additionally for some bright
turno† stars. Therefore, we suspect that there may exist
several binary-source events in the data set of the current
lensing experiments.
Eclipsing binaries provide excellent opportunities to
determine although the expected event rate is very low.rü E,This is because the pure lensing light curve can be easily
recovered by dividing the observed light curve by the pre-
event eclipsing light curve. In addition, the orbital elements
of eclipsing binaries can be easily determined because of the
known i \ 90¡. The eclipse light curve can also be used to
help constrain the luminosities of the binary sources.
Current experiments have identiÐed many eclipsing stars
[DO(104)] toward the Galactic bulge and LMC et(Grison
al. et al. et al. but, unfor-1995 ; Cook 1995 ; Ka¡uz5 ny 1995),
tunately, they are excluded as gravitational lensing source
stars due to their variability. Because of the extra informa-
tion which is automatically available in the case of eclipsing
binaries, they should be reincluded in the lensing search.
Luckily enough, there already has been reported a candi-
date event (EROS2; et al. with a microlensing-Ansari 1995)
type light curve superimposed on top of periodic eclipsing
binary variability.
6. IDENTIFICATION OF LENS POPULATION
Once the values of and thus are known, one canrü E vüstrongly constrain the nature of individual lenses. First, for
the known distance to source stars, e.g., kpc anddbulge\ 8kpc toward the Galactic bulge and LMC, respec-dLMC\ 50tively, determining is equivalent to measuring the properrü Emotion While the timescale is a function of threek \ hE/tE.parameters, v, the Einstein ring is a func-tE\ tE(ML, Dol),tion of only two, and hence provides lesshE\ hE(ML, Dol),degenerate information. Secondly, once k is measured, one
can easily distinguish Galactic halo from LMC self-lensing
events from the di†erence in k because InkLMC >khalo.we present the expected typical values of andTable 1, Srü ETfor the LMC disk, LMC halo, and Galactic halo events.Svü T
Also presented are the typical parameters for the geometry,
the lens mass and the transverse speed,SDol/DosT, SMLT,SvT, which are used in determining the expected andSrü ETSvT. We adopt heavier masses for LMC disk lenses because
the lenses are expected to be objects above hydrogen-
burning limit. As a tool to identify the lens population, vü
TABLE 1
CHARACTERISTIC VALUES OF AND FOR DIFFERENT POPULATIONS OF LENSESrü E vü
SM
L
T SrET Srü ET SvT StET Svü TPopulation SDol/DosT (M_) (AU) (AU) (km s~1) (days) (km s~1)
LMC disk . . . . . . . . . 0.99 0.3 1.05 1.06 50 36 50
LMC halo . . . . . . . . . 0.94 0.1 1.44 1.53 100 25 106
Galactic halo . . . . . . 0.20 0.1 2.40 12.0 220 19 1100
NOTE.ÈAlso presented are the typical parameters for the geometry, the lens massSDol/DosT, SMLT,and the transverse speed, SvT, which are used in determining the expected and SvT.Srü ET
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will be more useful than because does not depend onrü E vüthe lens mass, which, for any given event, is completely
unknown.
However, we note that for observations toward the
Galactic bulge it is difficult to distinguish Galactic disk
from Galactic bulge lenses using k since both have similar
distributions & Gould(Han 1995).
7. AN IMMEDIATE APPLICATION
Although the events detected to date toward the LMC
bear no obvious signatures of binary sources, it would
nonetheless be interesting to check the sources for binarity.
If any of the sources are binaries that would produce e†ects
for the case of an LMC self-lensing event, the failure to
detect an e†ect would prove that the lens was Galactic. To
illustrate the nature of the required observations, suppose
that one of the sources were an A-type binary with M \ 5
P\ 100 days, and a circular orbit.M
_
, Q
M
\ 2, Q
L
\ 16,
The velocity oscillations of the primary would then be
sinusoidal with a full width *v\ 50 km s~1 sin i. Hence,
for all but the rare nearly face-on orbits, the velocity varia-
tions would show up in three or four 1È2 hr observations on
a 4 m telescope each separated D1 month. Note that the
velocity can be measured with an uncertainty of km[10
s~1 for 19 mag A-type and K giant stars (C. Pryor 1996,
private communication). Other parameters considered in
this paper (P\ 100 days, would produce evenQ
M
\ 2)
stronger velocity variations. Once this source was identiÐed
as a binary candidate, it could be subjected to more inten-
sive observation which would reveal the spectral class (and
hence mass of the primary as well as theM1\ 3.3 M_)circular character of the orbit. Unless the observations were
very intensive, the spectral signature of the secondary (F
star) might not be detected (single-line binary). For deÐ-
niteness we assume that this lack of detection can be inter-
preted as an upper limit on its mass, SupposeM2\ 2 M_.for example i \ 45¡, so that *v\ 35 km s~1. Without
detection of the secondary, this inclination would be
unknown, but could be constrained to be 0.63\ sin i \ 1.0
based on the mass ratio limit Hence the semi-Q
M
[ 1.65.
major axis of the orbit of the primary would lie in the range
0.5 AU. Since this entire range is of the sameAU\ a1\ 0.8order as for a typical LMC self-lensing event, there wouldrü Ebe a dramatic e†ect on the light curve if the event were in
fact of this type. Thus, in this case, one would determine
that the event was Galactic even without detection of the
secondary. This is in fact the case for most of the parameter
space of short-period binary-source events.
In brief, the observations should follow three stages.
First, sparse monitoring to determine which sources are
binaries. Second, more intensive monitoring to determine
the orbital elements and so possibly distinguish between
Galactic and LMC events. Third, highly intensive follow up
to try to detect the secondary if the questions about the
event warrant this e†ort.
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